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rl""\ I. Introduction 
' 
The incidence ot brain tumors is higher than generally 
thought. In a l!leriel! ot 15,481 conl!lecutive tumors at St. Thomae 1 ,' 
St. iartholomew1 s, and Middlesex University Koepitale in London, 
287 (4) (38) were ot the brain, or elightly under 2%. Peere in 
ioeton found that in reviewing 10,592 routine autopeiel!l at ioeton 
City Koepital, tumore were preeent in 1,458, and ot these, 188 
(12.7%) were intracranial or intraspinal. Zulch (o5 ) in Cologne 
determined that 4.'% ot 12,000 hoepital admil!leione were tor intra-
cranial tumor. Ke further citee recent cancer etatietice (1950) 
in Germany which indicate that about JOOO pereonl!l died that year 
ot cerebral or spinal cord neoplasms. Brain (ll)eetimatee that 
about l in 100 deaths ie caused by an intracranial tumor. 
Unfortunately, brain tumor is practically synonymous with 
the classification ot incurable illnese in the minde ot many. It 
should be emphasized that about one halt ot brain tumore are 
~ther benign or extremely slow growing, and are amenable to sur-
gical treatment, and moet ot these patients are lett with no or 
• 
' min~l disability. In this group the operative mortality is 
about 12%. (~) 
Ae in many fields ot medicine, the progressive increase in 
therapeutic effectiveness hae necessitated a more concerted ettort 
in detecting brain tumors at the earliest stage and with the ut-
moet accurace in localization. Older methode have been tully ex-
ploited with vigor, and an attempt has been made to utilize the 
more recent technological advances, in particular radioactive 
!eo 'epee. 
This paper will attempt to present the methode now employed 
in diagnosing intracranial lesions, more specifically tumors. Each 
will be briefly discussed, including its indications and contra-
indications, and the diagnostic accuracy which might be expected. 
The field of isotopic encephalometry will be reviewed in more 
detail, and future trends discussed, Finally, the various tech-
niques will be compared in regard to their accuracy, advantages, 
and disadvantages, 
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II. Diagnosis of Brain Tumors 
A. Neurological Exami~ation 
Intracranial tumors present two claeeiticatione or symptoms, 1, 
those due to increased pressure, and those which are focal and 
depend on the site. Usually, the general eigne due to increased 
preeeure are maniteet tiret, and in .euch a case it ie extremely 
difficult to localize the tumor. 
lrain(ll) liete the more common general eymptome and eigne 
as headache, papilledema, vomiting, epileptiform convuleione, 
aphaeia, vertigo, dieturbancee or pulee rate and blood pressure, 
altered respiratory rate, 1hypopituitariem 0 , (i.e., symptoms there-
of), somnolence, glycosuria, and mental eymptome. Mcintyre and 
Mcintyre point out that headache, vomiting, and choked disc are 
late eigne, and their absence ie a common reaeon that early tumors 
are mieeed by clinicians. Focal eigne are too numerous to be 
diecueeed here, but their value ie in localization or the tumor. 
There are not many references which eetimate quantitatively 
the accuracy or diagnosis in brain tumore, but ~edlich (4J)d1e-
cueeee the clinical evaluation or 100 tumors which he had re-
viewed. Included were 4' glioblastomas, 12 aetrocytomae, and 11 
meningiomas. The most common initial complaint wae headache,(8,). 
Other common initial complaints were (moat patients had more than 
one initial complaint) changes in vision (Jo), vomiting (32), 
nausea (27), eeizuree (JO), and locomotor unsteadiness (29). 
Family physicians diagnosed only 4 correctly, labelling 12 as 
emotional disorders and 20 ae "nothing wrong 0 • Diagnoetic 
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accuracy was increased to 29% when these patients were examined 
in the hospital by non-specialists, At thie time 13 were diag-
nosed as personality disorders, and 13 epilepsy. lpecialiete 
(neurologists, psychiatrists, and neurosurgeons) successfully 
diagnosed 87 out of 94 cases Whom they eaw, The most common 
sign#• which they found were papilledema ('7), abnormal reflexes 
(59), muscular weakness of those mueclee innervated by cranial 
nerves (42), and oculomotor ner•• lesions. In thie group the 
time between initial sign or symptom and dia,noeie ranged up to 
18 years, the mean being 15 months, and the median 14 months, 
Fifty percent had a delay greater than one year, and 25% greater 
than two yeare, These authors point to the inadequacy of the '-· 
initial examination, especially ophthalmoscopic and neurologic, 
on the part of the practitioner as a major source of delay, 
Boepital physicians in many instances, did not give an adequate 
exam, and failed to utilize the number of diagnostic procedures 
at their diepoeal. The increased accuracy on the part of the 
epecialiete cannot be totally attributed to clinical astuteness, 
since they eaw the 
symptoms were more 
patients at a later time when eigne and 
"'-'e'i. prominent, and «leo had access to the previous 
" 
work done, Furthermore, their diagnoses were given after an 
evaluation of specialized teste, In regard to the other diag-
nostic procedures, skull plates revealed the lesion in 48 of 91 
patients, the CIF had some abnormality in 38 of 41 patients, 
19 of 21 electroencephalograms were abnormal (10 of 19 enabling 
localization), and ventriculography localized 27 oases out of 33, 
Mcintyre and Mcintyre<34 l state that many incorrect diagnoses 
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are attributable to lack of brain tumor consciousness, inadequate 
history and physical exam, too much reliance on the CSF findings 
and x-ray, and failure to perform,ther teste, such as air in-
jection, They add that at autopsy, between 3.5 and ,,7% of mental 
hospital patients have been found to have brain tumors, and that 
certain of these (e.g, olfactory groove meningiomas) are benign s. 
and operable. 
!orrax<30) ¢ divides brain tumors into those which are ~bvioue 
and those which are not. The former group present with classical 
symptoms and are often differentiable clinically, although diag-
nostic teste are often of great value. The latter group appear in 
a more bizarre manner, and if any suspicion of a tumor ie present, 
it ie imperative to perform a battery of diagnostic procedures. 
!e emphasizes that physicians should have a more optimistic approach 
to the problem, and not assume that a diagnosis of brain tumor ie 
equivalent to terminal illness. !e cites the fact that of 2000 
patients of Cushing, at least 500 (not all were followed) survived 
for between 5 and 28 years. 
(,2) Thorpe reported on a serie8 of 19 brain tumors observed 
in an industrial clinic, and found only 7 of these to present with 
a typical h1e*ory. The average length of time between initial 
symptom and correct diagnosis was 28 months, 
!odges, Holt, iaseett, and Lemmon( 2B) in reviewing a 20 year 
group of 803 brain tumor patients concluded that a complete 
neurological examination resulted in a correct diagnosis '5% of 
the time. It was by far the most utilitarian of the various 
diagnostic techniques. 
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i, RoentgenographY 
Iince Roentgen first announced the existing or radiations 
which would penetrate through solid matter, progrese hae been 
eteady in their application to intracranial diagnoeee, Within 
two years a brain tumor was firet demonetrated in a postmortem 
ekull, and in 1898 a brain tumor in a live 15 year old boy wae 
roentgenographically obeerved, Numeroue reports were made or the 
X-ray diagnoees or brain tumore, and the method of roentgenographic 
diagnosie gradually developed. 
In the early 1900's (1905-1914), lchuller(49) in Germany 
tabulated a seriee of 250 casee of brain tumore, including 54 
pituitary tumors, in which the correct diagnosis wae made in 150. 
During this time the methods employed were far from satisfactory from 
a technical point or view, and exposures of three to rour minutee 
were neceesary for adequate visualization. The development or the 
Potter-iucky diaphraghm in 191' and dupl1tized film in 1918 
contributed greatly in decreasing the expoeure time and increaeing 
detail. 
In 193' loaman<58) eummarized hie results on a large seriee 
or tumore. ~e round that 47% could be correctly diagnosed, 4% 
gave misleading information, and the remaining 49% gave no local-
izing information. or this latter group, about half exhibited 
some abnormal finding suggestive of increased intracranial preeeure. 
Beet results were obtained in the case or pituitary adenomas, in 
which 20 or 22 were correctly localized (91%). Meningiomas were 
correctly located in l' of 24 caeee ('?%), acouetic neuromas 
correctly 9 times out or 17 (53%), and cerebellar tumors ll of 24 
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casee (45%). 
Gilbertson and Good( 2o) in 195' summarized results on ''l 
brain tumors seen at the Mayo Clinic between January, 1940, and 
January, 1945, all of which were verified as to histologic nature 
and site. Their results are presented in Table (1). They list 
six definite localizing eigne: calcification, pineal and/or choroid 
shift, hyperostosis and osteomatous formation, erosion o~ destruc-
tion of bone, erosion of sella turcica, and increased vascularity. 
Although the overall accuracy 1e 42'1''1 or •4.;5%, considerable 
variation is eXhibited in regard to tumor types. Thus, chromophobe 
adenomas have been accurately localized in 95 of 99 cases (9,%), 
whereas glioblastoma multiforme wae correctly diagnosed only 50 
times in 13' (3,.7%). They point out that calcification ie the 
most important finding in gliomas, and that by taking into account 
the age of the patient, a correlation exists between the type of 
calcification and the type of tumor. 
The eigne listed above similarly vary with the tumor type, 
Iceman, in hie study of 1,24' tumors of Cushing, found that 12% of 
the gliomas, which comprised 43% of the total, were calcified. 
ci; -\-\..o_ -\:t~J, 
Tumors of Hathke 1 e pouch constituted only 5%~ but were calcified 
70% of the time. Various other workers have reported calcification 
in tumors occurring from 3 to 13%. In a child, calcification in 
~... i ~ • ) the cereb,.. ... lum is most indicative of an ependymoma. \ • ~~~;,;::':,~.-:-'' 
The pineal gland becomes calcified with age, and hence is more 
useful in the older age group as a diagnostic aid. Dyke( 23) found 
the pineal gland calcified in 51% of 2,724 skull roentgenograms. 
In those over 20 years of age this per cent was increased to 59, 
and below age 10 decreased to 5.11.. Myperostosie is an especially 
) ) 
X-ftay ftesults - ''1 •rain Tumors • Table 1. - ,.. ~ » +> 
.-I .-I 
., 
'tlorl 
• 
., as as I "' 
Ill .,,.. 
I> I> ..-1 ..-1 
..-1 "' .-I 
t:: .-1 ~ Ill CIS 
..-1 ..-1 I J.o IJ.o 
:::: ~ ~ CIS +> J..O G) as t:: CIS .-1 +> +> CIS 0 as o as..-t ~ ... ..-1 Gl ::I 
..-1 ~ J.o+> ,..,.. () ..-1 G) t:: Ill '"' .-!Ill ..-1 ,>oj ,.. 0 Ill &:Itt:: '-'t=l .-! ... t:: 1! s:: ..-1 .-! 0 ... ~ ,.. 0 Ill 
i. • ;:!CD t::G> ~~ ,i() ~~ .,,.. ~ ..-t ~ s:: CIS Total 12: .... H..- .,., A HI> 
"1 4Z' 2J2 2J2 122 101 22 62 JO' 4o 8J J5 
Glioma :32, 17:3 15:3 2:38 88 48 20 :30 117 ,, '5 1:3 G. Multiform• 13, 50 8' 124 12 
' 
7 1' :35 2 8 7 
Astrocytoma 98 '0 38 54 44 1:3 5 12 4:3 21 :30 :3 Oligodendroglioma :35 27 8 34 1 19 
' 
- 13 - 4 1 Ependymoma 2' 1' 10 11 15 7 2 - 11 4 8 2 Medul1ob1al!toma 1' 10 
' 
1 
- -
-
-
5 7 10 
Pinealoma 5 4 1 5 
-
1 
- -
4 
-
1 
Ganglioneuroma 2 2 
-
2 
- - - -
2 
-
2 
(D 
I 
Glioma (unclassified) 8 4 4 7 1 2 
-
2 4 1 2 
Meningioma 154 109 45 139 15 29 '4 :32 5' - 3 19 Chromophobe Adenoma 99 95 4 99 
-
4 
-
7 95 
-
2 
Craniopharyngioma 25 19 
' 
25 
-
17 
- -
19 2 8 
:!!emangio blastoma 18 8 10
' 
12 
- 5 4 
' 
-
4 
Metaetatic Carcinoma 9 4 5 8 1 
-
1 3 2 
larcoma ~ Fibroearcoma 13 
' 
7 11 2 
-
4 1 3 - 1 1 Epidermoid 9 8 1 7 2 3 3 
-
4 
Mille. 8 4 4 
' 
2 
-
2 1 4 2 
-
1 
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important sign with meningiomas and was present in one third of 
these tumors in the Mayo Clinic study. Iceman found it present 
in 50~ of the meningiomas in hie series. 
There seems to be some opinion that ordinary skull X-rays 
have been decreasing in their accuracy in locating intracranial 
tumors. Kodgee, Molt, iaseett, and Lemmon in their study of 803 
e 
tumors found routinJi skull films to be accurate in only 21.8%. 
In spita of this they advocate continued use of plain films 
because of the availability, simplicity, and at times, decisive-
ness. Their report indicates a downward trend in accuracy from 
30% to 22,5% over a twenty year period. ~eterso~39} claims that 
presently about 40% of brain tumors show aome abnormality on a 
plain film, but that only 20% have localizing eigne. Ke,too, 
comments on the trena of fewer positive findings, and attributes 
it to the fact that patients are being studied much earlier in 
the course of their disease. 
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c. PneumoencephalographY 
In 1918 Dandy intentionally introduced air into the ven-
tricles, initiating what has since become one or the mainstays 
or diagnosis or intracranial lesions. Ventriculography has been 
used to define direct introduction of air into the ventricles, 
as compared to its injection through the lumbar subarachnoid 
space, termed encephalography. In both the essence or the pro-
cedure is increased ability to discern cerebral structures 
roentgenographically by replacing the CIF with air(or some other 
gas). 
Although or great aid in neurological diagnosis, air inJec-
tion is not a procedure to be performed without indications. Many 
papers have appeared pointing out the dangers of the procedure. 
lmith and Crothers<57lround postenoephalographic symptoms from 
subdural gas in 5' of 80 infants. Other reports have indicated 
an increased risk with certain diseases or lesions. The follow-
ing convenient table, prepared by lchaltenbrand~ 48 ) outlines the 
indications and contraindication&: 
Lumbar luboccipital Ventriculography 
Indicated: 
Contra-
indicated: 
100-200 co. 
epilepsy 
suspected cort. 
atrophy 
suspected 
pachymeningitis 
marked signs or 
increased intra-
cranial pressure 
cisternal 30-40 oc. 
progressive cerebral 'i!.. \·\ "-pressure phenoma 
disease without in- without local-
creased cerebral izing eigne 
pressure 
failure or 
encephalog. 
marked arterioscl. advanced 
hydroceph. 
marked increase in 
intracran. pressure 
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In a comparison of the two procedures, ventriculography 
should be rated the more safe if there is increased intracranial 
pressure. Its use, however, necessitates a complex surgical 
procedure, whereas, the lumbar route is performed with relative 
ease. 
Various techniques have been employed utilizing different 
types of equipment, gases, positions and roentgenographic pro-
cedures. These are discussed in many standard texts and will 
not be considered here. 
A number of deleterious side effects have occurred after 
air injection ranging from restlessness to death, ~eadache, 
vomiting, and dizziness are prominent effects. In moat cases the 
duration is from one to three days, rarely over eight. Various 
causes have been proposed for these reactions, including increased 
intracranial pressure due to altered thermodynamic relationships, 
(; 
dorsal root irritation, irritation of the veg,tative centers in 
the ventricle walls by the gas, and altered blood sugar levels. 
Keadache is generally the first symptom to appear. Pallor, 
sweating, decreased pulse rate, decreased blood pressure, nausea, 
vomiting, and at times syncope, in that order, were found to occur 
by Davidoff and Dyke~l9) In a study of 94 cases by these authors, 
85% were symptom-free after 5 days, mild to moderate headache 
being the only symptom still present. They concluded that the 
amount of gas used relative to the size of the ventricles is an 
important factor in the duration of symptoms, and that a minimum 
amount should be used. Another factor influencing the duration 
"' of symptoms was the nature of the lesion, brain tumors producing 
greater persistence. 
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It would appear that to minimize the side effects, the procedure 
should be accomplished as rapidly as possible in order that the 
gas may be eliminated in the least possible time, Preliminary 
inhalation of oxygen appears to be quite helpful (lohwab, Fine, 
and M1xter(5l)), probably by decreasing the blood nitrogen con-
b 
centration and its subsequent diffusion into the sut&rachnoid 
space, which is responsible at least partially, for the reactions. 
Oxygen therapy after encephalography has also been helpful 
(Kornreioh(JZ)). Once symptoms have appeared, treatment is 
supportive, 
Although encephalography has produced fatalities, ranging 
in reported incidence between .22 and 1.2%, an analysis of these 
deaths by Davidoff and DYke reveals that many eases were terminal 
or near-terminal. Patients with intracranial tumors, aneurysms, 
and arteriosclerosis appear more susceptible, 
In regard to results, Davidoff and Epatein(ZO) summarized 
their experience in 500 verified brain tumors, and report that 
paeumoenoephalograms succeeded in localizing the tumor 81% of 
the time. In 8% there was insufficient filling, in 1% filling 
of the homolaterjal ventricle only, and in the remaining 10% 
filling of the contralateral ventricle, In '9% of the oases 
there was some type of ventricular C:Usplaoement, 
Johnson and Modges(Jl) in 1943 reviewed 5'5 verified brain 
tumor patients at the University of Michigan Hospital between 1931 
and 1941, and compared the erreotiveneas or the various roentgeno-
graphic techniques. ftoutin• skull films were used in 527 cases, 
and were diagnostic in 24%. Ventrioulograme were done on 282 
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patients, with an accuracy of 92.2%. Forty-eight encephalograms 
yielded an accuracy of ,8.8%. Ventriculograms were correct in 
'l of .,2 glioblastoma multiformes, 12 of 15 unclassified glio-
blastomas, '8 of 73 astrocytomas, 32 of 34 oligodendrogliomas, 
and 29 of 29 meningotheliomas. Plain films were accurate in 80% 
of 51 hypophyseal tumors. 
Martin, Webster, and Gurdjian(33) employed ventriculography 
in 55 verified tumors, and were able to localize the exact focus in 
47, the correct lobe in 3, and the fossa in 1. Two negatives and 
two false foci completed the series. Pneumoencephalography in 38 
tumors yielded 13 cases of false foci and six negatives, In no 
case was an exact focus determined, but the correct fossa was de-
terminable in 15 cases, Masses in the posterior fossa were iden-
tified in 27 of 29 cases with ventriculography, 3 of which gave the 
exact focus. Pneumoencephalograms missed 7 out of 9. They con-
cluded that encephalography was useful for supratentorial lesions, 
and the method of choice for masses near the midline at the base. 
Ventriculography was rated by far the most accurate procedure, and 
the procedure of Choice in posterior fossa masses or increased 
intracranial pressure. 
Norlen and Wiokbom( 37 > reviewed 327 brain tumor oases Which 
they had seen and compared the results of encephalography and 
ventriculography, Ventriculograms had successfully located 19 of 
19 supratentorial tumors, 5 of 5 intrapontine tumors, and 2' of 
2' cerebellar neoplasms. Corresponding figures for encephalography 
were 81 of 114, 3 of 11, and 3 of 38. They concluded that enceph-
alography and angiography could localize most tumors and should be 
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tried first, and that in certain oases it was necessary that 
ventrioulograms be taken (e.g. cerebellar tumors). Also, that 
encephalography is not dangerous it properly done. 
~uggiero, David, and Talairach( 47l in ~aris used encephalo-
graphy in 104 oases and round it accurate 92.1% or the time. They 
concluded that it is no more dangerous than ventriculography, but 
that it there was inadequate ventricular filling, then ventriculo-
graphy should be performed. 
Hodges, Kolt, iassett, and Lemmon state that encephalograms 
were accurate in 'S% ot 8' oases and ventrioulograms in 88% of 
732 times. They compare encephalography to a neurological 
examination as regards diagnostic accuracy. Ventriculography is 
regarded as the most accurate or the various diagnostic procedures, 
but somewhat risky. They conclude that the use of all available 
diagnostic techniques should enable one to make a correct diagnosis 
about 97% of the time. 
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D. AngiographY 
The injection of' contrast material into the cerebral circula-
tion, in an effort to determine changes in the normal vasculature, 
was first employed by Egaz Moniz in 1927 using sodium iodide, 
Modifications have further increased the usefulness and safety of 
the method. In particular, the use of 111 minimally toxic contrast 
materials and the percutaneous techniques of injection have etimu-
lated interest and acceptance of this method. 
lefore considering the results of this method, certain 
significant features which should be borne in mind preceding its 
use, will be pointed out. 
The procedure requires a team of at least 3, preferably 4, to 
perform the injection. The process must be carried out in a room 
in which the team is suitable protected from x-rays, especially if' 
serial exposures are to be taken. Blood leakage around the needle 
may produce a perivascular hematoma, necessitating withdrawal and 
re-insertion of the needle, but usually no other undesirable side 
effects, The use of siliconized needles and the addition of sodium 
citrate to the medium are recommended to prevent the formation of 
blood clots. lhould a clot form, withdrawal is mandatory to avoid 
the risk of an embolus which may result in a hemiplegia. Vascular 
damage is negligible if careful technique is employed, 
~eactions to the contrast medium range from mild to fatal, 
Pain is commonly experienced, and may be somewhat helpful in eval-
uating the adequacy of filling. The use of diodone in ,,1,000 
patients has resulted in 37 deaths due to sensitivity, according 
to Pendergrass, Chamberlain, Godfrey, and iurdiok(39). Intradermal 
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teste have not been completel7 successful in eliminating this 
hazard, and Curtill(lS) advisee that a sufficiently strong allergic 
history is a definite contraindication. Convulsions, vascular 
spasm, elevated blood pressure, and renal damage have also occurred 
with diodone, and patients with renal damage or hypertension5 
should not be injected with it, 
The following characteristics of intracranial tumors are of 
importance in angiographic diagnosis: infiltration of brain substance; 
growth, leading to progressive vessel displacement; cyst formation; 
tumor necrosis; increased vasculature in and about the tumor; and 
ventricular dilatation due to CIF blockage. The foregoing 
characteristics may alter the vascular pattern in a detectable 
manner directly, or indirectly by edema, ventricular dilatation, 
stretching, decreased vessels, or abnormal order or rate of filling, 
Various types of tumors produce alterations peculiar to them-
selves, as well as general changes, It would be inappropriate here 
to attempt to list or describe these specific changes, Indeed, 
volumes have been written outlining in great detail the multitude 
of gross and minute changes which may aid in arriving at a conclusion, 
~ther, the results of angiographic diagnosis will be discussed in 
an attempt to convey to what extent reliance may be placed on this 
method. 
Curtis in 1951 reported that he was able to correctly 
localize 44 of 58 glioblastomas (7,%), 23 of 42 meningiomas (55%), 
and 5 of 13 metastatic lesions (38.5%). !e had considerably lees 
success with other tumor types however, detecting only 4 of 48 
astrocytomas (8.3%), and none of 7 pituitary tumors. Thirteen 
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~ cerebral abscesses ahowed no abnormalities. Overall he was 
successful in locating 77 ot 185 intracranial lesions (41.,%). 
He concluded that angiography is most successful in tumors of 
the cerebral hemispheres, especially those of the anterior two 
thirds. 
Green and Arana( 27) reviewed their results in 107 patients, 
58 of whom were found to have brain tumors. Correct diagnoses 
were obtained in 41, or 71%. In regard to tumor type, correct 
indications were obtained in 5 out of 7 meningiomas, 22 of 28 
glioblastomas, 4 of 4 astrocytomas, and 5 of 7 metastatic cancers. 
These authors feel that indications tor angiography include 
every suspected vascular lesion, ~nd as a supplement to clinical 
and routine skull plates. Contraindications are considered to be 
acute cerebrovascular hemorrhage, thrombosis, or emboli, and older 
patients with cardiac decompensation, hypertension, and advanced 
atherosclerosis. In lesions of the posterior fossa or ventricles, 
air studies yield much better results, In this series no fatalities 
occurred, but 2 patients experienced aggravation of their symptoms, 
and 4 responded with mild allergic reactions. It is noted that, 
in contrast to pneumoencephalography, angiography is well tolerated 
in/ i l cases of increased intracran a pressure. 
Martin, Webster, and Gurdjian, in a series of 200 verified 
lesions localized tumors correctly 20 times in 37 (54%). They 
conclude that it is of value for lesions occurring ~n the anterior 
2/3 of the cerebral hemispheres, and is the method of choice in 
extremely sick patients. Vertebral artery injection is felt to be 
helpful when masses exist in the posterior fossa. 
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Bodges, ~olt, iassett, and Lemmon in reviewing the methode 
used in diagnosing 607 verified tumors found that angiography 
' (24) 
was accurate in 72 of 176 cases (40.5%). Engeeet diagnosed 
37 of 5' cerebral tumors on the basis of vascular dislocation, 
experiencing the greatest difficulty with frontal lobe tumors. 
Wickbom<'4 > points out that the most distinctive features 
observable in brain tumors are a qualitatively different blood 
supply and a different architecture. ~e reports results on 
various types of tumors, but they are somewhat difficult to in-
terpret in terms of whether the observed abnormality was of 
sufficient magnitude to be diagnostic. Of 243 glioblastomas, only 30 
appeared unchanged from a normal pattern (12.3%). Thirty eight of 
64 meningiomas (45.3%) and 19 of 36 metastatic lesions (50%) 
did not vary from the normal, 
In summary, it would appear that angiography 11!1 accurate 
between 40 and to% of the time, with best results for glioblastomas 
and meningiomas, and poorest for posterior fossa masses. Definite 
indications and contraindication& exist, and a certain element of 
risk is involved, 
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E, ElectroencephalographY 
Electrical potentials of tissues have been known since 
Galvsni described two fundamental properties of muscle in 1790. 
Caton detected potential!! from an expol!!ed rabbit brain in England 
in 1875, and probably wal!! the first ever to record such potentials, 
At that time, however, inl!!trumentation was so poor that its l!!ig-
nificance was minimized, In 1'18, a l!!tudent at Harvard Medical 
lchool, using an amplifier and senl!!itive string galvanometer, 
recorded ten-per-second spikes and paroxysmal bursts from the 
brain of a cat, but these were diemil!!sed by the head of the 
laboratory as artefacts, and even if not, not in line with the 
matter being investigated, 
The real beginning for electroencephalography came in 1'24, 
when a German psychiatrist, Hans Karger, using a fairly sensitive 
vacuum amplifier, recorded waves from electrodes inserted into 
the scalp of a patient in his clinic. The measurements were clear-
ly defined and reproducible, and changes were noted when the sub -
ject opened or closed his eyes. He pointed out the existence of 
both alpha. and beta waves, describing their ritftbm and amplitude. 
Berger's first paper on the subject appeared in 1929, and in 
the next ten years he published ten papers on the subject. Until 
1933 hie work was viewed with skepticism by the maJority of phy-
siologists and neurologists, largely because some of his results 
.seemed in disagreement with the concept that increased electrical 
activity could be correlated with increased energy expenditure. 
At this time the English Nobel Prize winner, E. D. Adrian of the 
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University of Cambridge, using some of the best equipment available 
at that time, established conclusively that the waves which ierger 
haa described were not artefacts. !le verification not only estab-
lished the existence of electrical potentials in the brain, but 
brought them to the attention of all English-cpeaking workers. 
In the late l930 1 s activity in this field increased greatly. 
In 1937 the first clinical laboratory for electroencephalography 
was established at the Massachusetts General Hospital. Iince then 
numerous such facilities have been established throughout the world. 
During the second World War numerous papers appeared pointing out the 
value of this method of localization of intracranial lesions. The 
intense effort expended on the development of electronic equipment 
during the conflict was reflected in the equipment which became 
available in the poet-war era. Units which formerly weighed half 
a ton were reduced by six hundred pounds, and were increased in 
sensitivity and reliability. It is not hard to imagine in light of 
the developments in solid state physics that future equipment will 
be substantially more reliable and greatly reduced in weight and bulk. 
No.diecuseion will be presented here of the many variations 
in technique which are currently employed in measuring and inter-
preting electroencephalograms. luffice it to say that research is 
active in this area. It is rather interesting that at this time 
interests in the entire field of communications by the physicist, 
engineer, mathematician, and biologist are coinciding. Thus a 
group at M.I.T. are subjecting E.E.G. tracings to wave analysis, 
a complicated mathematical procedure, possible only because of the 
advent of high speed computers, and it is hoped that this more com-
plete analysis will succeed in extracting more subtle and heretofore 
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unrecognized relationships, 
Of more immediate interest is the value of electroencephalo-
graphy as a diagnostic tool, in particular to intracranial tumors, 
Cobb (l'>in 1944 reported on a series of 120 tumors, and con-
cluded that about 50% were localizable. Cerebellar tumors could 
not be localized, and the results with increased intracranial 
pressure were quite variable and completely unrelated to the pres-
sure or amount of papilledema. Ke stresses the value of. slow rhy-
thms ae indications of major significance for localization, third 
ventricle tumors being associated with a 4 - 7 second theta rhythm, 
Culbreth(l7) in 1950 found 112 abnormal records in 1'4 patients 
suspected or having an expanding intracranial lesion. or those 
verified at operation or autopsy, 50% were localized to either the 
side of the lesion or the lobe, Five per cent false localizations 
of verified tumors took place, No consistent variation was found 
with sellaYor parasellar tumors, and localization was not possible 
with tumors of the optic chiasm, fourth ventricle, basal ganglia, 
or cerebellum. 
lchwab(50) in 1951 (without reference to the number or tumors 
surveyed) reports that abnormal findings are present in 92%, and 
that correct localization is possible in 85%. In those with no 
organic lesions, normal tracings were reported in 90%, and in only 
1% was a false focus indicated, fte summarized his results as follows: 
(1) 5 per cent of the time the lesion may be localized 
when other methods have failed. 
(2) localization by other techniques is confirmed in 
ao% of the cases. 
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(3) it rules out the possibility of a neoplasm 90% 
of the time that a normal tracing is obtained. 
(4) It is misleading in one of the above categories 
5% of the time. 
It is further emphasized that the experience and skill of 
both the technician and interpreter are important factors, and 
that accuracy is vastly improved if good correlation is estab-
lished with the clinician. (In one series of 100 records, the 
interpretation was changed in 10 after correlation with the 
clinical material.) 
A more recent survey of 100 cortical tumors by iickford(lO) 
in 1957 revealed abnormal findings in 9,, with a focus being 
obtained in 87, including correct localization by delta waves in 
7' oases. The most difficult type of tumor to localize was the 
meningioma, probably because o.f ita slow progression. This 
author oenoludes that it is especially valuable as a screening 
procedure in cases of headache, and also in patients with con-
vulsions and confusional psychoses. 
In a review of 803 verified brain tumors, l!odges, l'lolt, 
Bassett, and Lemmon found that localization was possible in only 
48%, but conceded ita value as a method which may be repeated £ 
with no injury to the patient. Martin, Webster, and Gurdjian 
obtained abnormal results in 1'8 of 198 verified lesions, and 
discrete localization in 93 (47%). They emphasize its value as 
an initial screening method and as an aid in determining which 
further diagnostic testa should be employed. 
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III. Diagnosis of ~rain Tumors at lurgery 
A. Flourescein 
Iince 1882 when Erlich studied the fluid circulation of the 
anterio~ eye, flourescein has attracted the attention of many in-
vestigators. Circulation of cerebrospinal fluid has been widely 
studied with this substance, and it has even proven clinically 
useful in diagnosing meningitis, Moore(3') first began experi-
menting with uptake of this dye by brain tumors, and found that 
it was selectively concentrated and held for a number of hours. 
The reason for increased concentration in brain tumors and other 
lesions of the central nervous system is still the subject of 
considerable speculation. Vascularity has been considered of 
primary importance by some, but the peak uptake does not take 
place for several hours. The explanation moat widely accepted at 
present is the presence of the ilood-brain-barrierfAppendix A) 
The size of the tumor has been shown to be of no significance, 
The technique as employed by Moore is to inject intraven-
ously at a slow rate one gram of sodium flourescein (.3 to .5 g 
in children) in a 20% solution, The injection must precede the 
craniotomy by at least 30 minutes, and preferably 1 to 3 hours, 
At operation the brain is viewed under regular and ultraviolet 
light, It is most important that a suitable source of ultraviolet 
be employed, since failure of the method has been most often 
attributable to an inadequate source. Although the surgeon must 
become familiar with the appearance of the tissues under regular 
and ultraviolet, there is no difficulty in identifying neoplastic 
areas by their bright flourescence. In addition to localizing 
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the tumor, the flourescence has proven of great value in deter-
mining if an adequate amount of tissue has been removed, and 
also in selecting suitable sites tor biopsy. 
Results from this method have been impressive. In an 
original series of 75 specimens, Moore reported that tumor was 
correctly diagnosed in '8 (90.8%), and that ' or the errors 
occurred in one particular case. In this instance a large 
amount or necrotic tissue was present, and in four similar sub-
sequent cases, when the area was thoroughly treed of blood, a 
positive diagnosis was made. In his complete series of 130 patients, 
one false positive occurred, an area which had been previously 
traumatized at operation. ~esults of flourescein in tumors re-
moved at operation are shown in table (2).(page 27) 
In non-neoplastic conditions, tlourescence has been helpful 
·: \.,., •.. 
in brain abscesses, encephalitis, and subdural hematomas, but an 
insufficient number of oases have been obtained to analyze the 
data statistically. Application to the problem of seizures has 
led to encouraging but inconclusive results. It is hoped that 
agents which mi~~t increase the alteration of the blood-brain 
barrier at the site or the lesion without provoking additional 
siezures, may be advantageous in increasing the effectiveness of 
thie method. 
Dyes have been ~sed extensively in an attempt to localize 
brain tumors at surgery. No truly successful clinical results 
have been established. Staining or subcutaneous tissues is a 
problem encountered by various investigators. Nile blue has been 
shown to stain fibrosarcomas and mammary carcinomas to a degree 
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suf:f'icient for differentiation, but w.i th intense die coloration of 
the patient. Many attempts have been reported in the literature, 
far too voluminoue to review here, but none clinically practicable. 
Other probleme introduced aside from the eethetics of discoloration 
are the handicap presented to the anesthesiologist, who relies on 
the patient's color in determining oxygenation; possible medical-
legal problems of a discolored corpse; and the alteration in brain 
color which may be confusing to the neurosurgeon who is used to 
normal texture and coloration, 
C. ~diopaque Compounds 
With the widespread availability of roentgenographic equip-
ment, e. method of making brain tumore opaque to x-rays would be 
exceedingly advantageous, Attempte to achieve such a method have 
eo far been fruitless, Moore presents eome interesting studies 
with tetraiodophthalio floureseein, Ten patients were studied 
with this agent who had been diagnosed as having brain tumors, and 
all yielded negative results, Organometallic compounds were shown 
ell 
to have a high toxicity when given to mice, and to be ch1mically 
unstable, Chelated complexes have also shown to poeeess a high de-
gree of toxicity, Iodinated compounds were tried with negative 
reeults, Calculations have been made in an effort to deduce the 
amount of iodine (as tetraiodoflourescein) necessary for roentgen-
ographic demonstration, and the results are shown in table (3). 
Table (3) Radiopacity vs. Tumor Size and Uptake Ratio 
Vol. of Tumor Diam, of Tumor Concentratlo 
(cc) (sphere) (em,) Ratio 
25 
40 
100 
500 
J,, 
4,2 
5.7 
10.0 
14o 
120 
88 
51 
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Theee results could be improved if the percenta~e of iodine 
by weight were increased, or if a compound with heavier atoms 
were used. All compounds with heavier atoms have thus far proved 
too toxic for serious consideration. It would appear at present 
that this method will prove valuable only if compounds with a 
greater specificity for brain tumor are brought forth, 
D. Probe Counting 
In 19~8 lelverston and lolomon( 53 lpublished a preliminary re-
port on this method. lelverstone, lweet, and Robinson( 54 l reported 
the first clinical use of the method the next year. Using P•32, a 
beta emitter with a maximum energy of 1.,9 Mev, and penetration in 
brain of 7 mm., they obtained localization of 29 tumors in 33. The 
success of the method was largely due to the development of a GM 
counter only 2 mm. in outer diameter, no larger than a ventricular 
needle, The dose of P-32 given was 4,2 me,, and measurements were 
made 24 hours after injection. At this time the uptake ratio be-
tween tumor and normal brain was approximately 5:1. lweet (59) in 
1951 reported on 114 patients explored at surgery, with correct 
localization occurring in 105 (92%). lelverstone and White(SS) in 
1951 presented results of 3' patients given K-42, a beta emitter 
with greater penetration (1,8 em,). Thirty tumors were located, 
yielding an overall accuracy of 97%. The tumors were actually 
mapped in three dimensions by moving the probe 1 em, at a time and 
taking a count, In 4 post-operative deaths autopsy confirmed the 
results. The advantages of K-42 were in its greatly increased rate 
of uptake enabling measurements to be made several minutes after 
injection, and its shorter half life (12.44 hr.). It was concluded 
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that the method was simple and involved non-complicated equip-
ment, and that tumor could be easily outlined and biopsied. 
Table 2. - Grose Examination of Intracranial Tumors Removed 
at Operation After Floures cein InJection 
Tumor Type No. examined Flourescent Non-Flourescent 
Acouetic Neuroma ' 
Angioma 1 
~ ~ngioblastoma 5 
Astroblastoma 2 
Astrocytoma 15 
Cholesteatoma 1 
Chromophobe Adenoma 3 
Dermoid Cyst 1 
Ependymoblastoma 4 
Ependymoma 1 
Ganglioglioma 1 
Glioblastoma Multiforme 22 
Medulloblastoma 2 
Meningioma 23 
Metastatic Tumors 14 
larcoma 2 
TOTAL 109 
' 1
5 
2 
12 
0 
3 
0 
4 
' 1 
22 
1 
23 
14 
2 
101 
0 (j 
1 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
8 
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IV. Isotopie Eneephalography 
A. Radioactive Diiodoflourescein (RDIF) and Radioactive 
Iodinated Serum Albumin 
In 1948 after it had been well established that brain tumors 
could be localtzed with flourescein, Moore began his pioneering 
efforts in isotopic encephalography by tagging diiodoflourescein 
with I-131, a gamma emitter with an eight day half-life. It was 
hoped that this procedure would enable one to determine if a 
brain tumor was present by suitable external detection of the 
emitted radiations, and also where the tumor was located. 
Using RDIF in doses of 750 microcuries injected intravenous-
ly, Moore attempted tumor detection by external counting, initial-
ly with a single-shielded Geiger-Muller (GM) counter. The count-
ing rate was measured at a series of predetermined locations on 
the external surface of the scalp in a symmetrical manner, areas 
of symmetry being measured with the least possible time differ-
ence (later modifications included multiple counters for simul-
taneous measurement). All determinations were made 1/2 to 4 
hours after injection. One scan required 44 minutes of actual 
measuring time (4 minutes at each of 11 locations). The results 
of the first group of patients investigated with this method are 
presented in table 4. 
It should be pointed out that in evaluating the localization 
tests, the patient's history or physical findings were not utili-
zed. Rather, the evaluations were performed independently by 
~ different members of the neurosurgical staff. In evaluating this 
data, if all the non-tumors and incompletes are neglected, then 
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correct results, including localizations, were obtained in 37 
out of 58 cases, or 64%. This figure includes the non-exact 
localiaations as misses. 
Table 4. Moore's Initial Series with RDIF 
Tumors correctly localized • • • • • • • • • • 
No tumor localized, none demonstrated by 
angiogram, ventriculogram, or craniotomy ••• 
Correct localization (but vascular or de-
myelinization rather thaa tumor) • • • • • 
Close to, but not exact loetlization •••••• 
Located as to haisphere only •••••••••• 
Tumor present, but not located • • . • • • • • • 
Tumor localized, but not found at operation, 
ventriculogram, or angiogram • • • • 
Incorrectly localized • • • • • • 
Abscess not localized • • • • • • 
Follow-up not complete • • • • • • 
• 
• • • 
• 
• 
20 
17 
4 
2 
1 
14 
2 
2 
1 
2 
Total = 66 
In a second series in whiCh the experimental equipment was 
altered to include a more efficient GM tube, 57 verified cases 
were measured, and a correct diagnosis obtained in 43, or 76%. 
In this series, 9 of 26 tumors were incorrectly diagnosed, and 
5 of 31 non-tumors were evaluated as positive. 
A third series by Moore was reported, but included only 23 
patients and is too small to be significant. In this series the 
GM tube was replaced with a scintillation counter, inherently a 
much more sensitive device. Thus, with the same dose, the count-
ing rate increased by a factor or 200 over that of the original 
series. 
Moore summarized his work and its limitations as follows: 
(1) A minimum volume of neoplastic tissue is necessary, which 
depends upon the uptake ratio and instrumentation. With the 
original equipment this was calculated to be 20 cc. 
(2) Posterior fossa tumors are poorly detected because of the 
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overlying layer of muscle end a1bcutaneous tissue which 
concentrated a high level of activity. 
(3) Pituitary tumors are difficult to measure because they are 
too small·c,and do hOt concentrate the dye sufficiently. 
(4} Acoustic neuromas and slow-growing astrocytomas have a low 
uptake of dye, and hence are difficult to localize. 
(5} Parasagittal meningiomas, glioblastomas, and very malignant 
gliomas were the easiest to localize. Oligodendrogliomas 
were more of a problem. 
(6} Errors are easily introduced by improper technique. Par-
ticular attention should be paid to proper counter collima-
tion and shielding, accurate positioning (being especially 
careful not to include radiation from the liver, through 
which the dye is excreted}, accurate use of the "normal" 
pattern, and properly adjusted equipment. 
An interesting sidelight of Moore's work came about in his 
investigation of the route of excretion of RDIF. It was found to 
be quickly cleared from the blood and taken up in the liver and 
gall bladder, such that several hours after injection the gall 
bladder had concentrated a sufficient amount to be externally 
detectable. In two instances it was not possible to localize the 
gall bladder and it diagnosed that the gall bladder was non-func-
tional. Verification was obtained at subsequent operations. 
The method of isotopic localization evolved by Moore was 
soon utilized by other investigators. Ashkenazy, Davis, and 
(2} Martin in 1951 reported on a series of 340 patients who were 
suspected of haviag brain tumors. They modified the method 
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somewhat by giving a larger dose of I-131 (1.0 to 1.2 me.), a 
detection system with increased sensitivity, and taking counts 
at 32 different positions on the scalp. Each sitewas counted 
for 3 minutes and compared to values obtained from normals. 
Their results showed the method to be inaccurate in only 17 of 
340 times, resulting in an overall accuracy of 95%. The 17 miss-
es included 10 false localizations in which high reading were ob-
tained with tumors present, and 7 in which notmal readings were 
recorded in the presence of neoplasms. They claimed an accuracy 
of 90% in 150 histologically verified tumors, including 19 men-
ingiomas, 60 gliomas, 17 metastatic lesions and sarcomas, and 
12 pituitary tumors. One hundred per cent accuracy was obtained 
in the case of 17 gliomas verified grossly at operation. These 
authors theorized that the degree or vascularity or the lesion 
is of extreme importance, noting that the uptake was best 1 hour 
after injection. Capillary permeability was felt to be the fac-
tor of greatest significance. In their discussion of the limita-
tions of the method it is pointed out that a neoplasm cannot be 
differentiated from an infectious lesion from the radioactive up-
take. Increased intracranial pressure was felt to be an advan-
tage when this method was used because it contributed to an in-
creased capillary permeability. Since the biological half-life 
is only tour days, it was concluded that no radiation hazard ex-
isted, and that no contraindications were present. Regarding 
tumor type, metastatic carcinomas and sarcomas were localized 
with the greatest accuracy, glioblastomas and meningiomas next 
best, and astrocytomas and oligodendrogliomas last. Comparing 
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the method to other techniques, it·was felt that considerably 
greater accuracy was obtainable with this method than either 
pneumography or electroencephalography. The results reported in 
this series were the most accurate for any utilizing isotopic 
methods. 
On the opposite end of the scale was a report by Belcher, 
Evans, and deWinter( 6 ) in Britain. In 34 patients, only 1 tumor 
of 20 was verified, a spongioblastoma. These authors concluded 
that the method was not proficient as a diagnostic method of 
brain tumor localization. 
In 1954 Seaman, Ter-Pogossian, and Schwartz( 52 ) reported on 
a series of 85 patients examined by this technique. Thirty of 
65 tumors were detected, and 10 false positives occurred in 20 
cases without tumor, resulting in an overall accuracy of 47%. 
In regard to location, 27 or 54 supratentorial tumors were cor-
rectly diagnosed (50%), but only 3 of 11 posterior fossa tumors 
(27%). Meningiomas were diagnosed correctly 11 of 12 times (92%), 
by far the best, with other types as follows: astrocytoma, 3 of 
9 (33%); metastatic carcinoma 4 of 11 (36%); glioblastoma multi-
forme 6 of 16 (37.5%); pituitary tumor, 0 of 2; undifferentiated 
glioma, 0 of 3; ependymoma, 0 of 2; and miscellaneous 6 of 8. 
An evaluation of 23 misdiagnosed tumors showed 6 to be cystic, 
8 to be necrotic, 7 in the mid-line, and 2 less than 2 em. in 
diameter. A combination of isotopic diagnosis and electroenceph-
alography yielded a correct diagnosis 3 out of 4 times, whereas 
each individually was only about 50% accurate, 
Davis and Craigmile( 2l) reported results on 200 patients 
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diagnosed with isotopes, 159 with RDIF and 41 with labelled Nai 
(,3mc.). Eighty-five correct localizations were obtained in 138 
verified cases with RDIF, an accuracy of 61.6%. Another 22 (16%) 
yielded diffuse increases, and 4 (3%) resulted in false locali-
zabions. Meningiomas were located with the greatest degree of 
success, 19 out of 24 times (79%). Other types included glio-
blastoma (56% of 48), astrocytoma (42% of 31), and metastatic 
neoplasms (48% of 21). Results with Nai were not as good, 19 
correct localizations being obtained in 36 attempts (52.8%). It 
is to be noted that these authors employed GM couDters for most 
of their measurements, which are much less sensitive than scin-
tillation devices. 
Dunbar and Ray< 22 ) reported the use of radioactive iodinated 
serum albumin (RISA) in a series of 100 patients in 1954. This 
compound is given in an amount such that the dose of I-131 is 5 
microcuries per kilogram. It is taken up at a slower rate than 
flourescein, and the uptake ratio is optimal between 18 and 24 
hours after injection, These authors used a scintillation count-
er and recorded the counting rate on 36 points on the scalp. 
Their results were as follows: 
I. Brain tumors - 41 Number % 
correctly localized 25 61 
incorrectly localized 16 39 
II: Non-tumors - 59 (incl. 47 normals) 
correctly localized 51 86 
incorrectly localized 8 14 
III. Total - 100 
correctly evaluated 76 76 
Normals were diagnosed correctly in 45 out of 47 cases. 
Posterior fossa tumors fared poorly, with one correct localiza-
tion in 51 and none of three pituitary adenomas was diagnosed. 
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A further breakdown or 30 cerebral neoplasms in this series 
showed: 
Type total correct f I• 
glioblastoma multi forme 10 9 90 
astrocytoma 5 3 60 
meningioma 7 6 86 
metastatic lesion 8 5 62 
Rhody and Nowlis< 46 ) used RISA diagnostically in a series or 
L 
50 oases, giving each;!ugol 1 s solution beforehand to counteract 
any tendency for I-131, a product of RISA breakdown, to concen-
trate in the thyroid. They tried several procedures, finally 
ascertaining that a tightly-fitting skull cap with marked posi-
tions enabled good reduplication or their measurements. In se 
cases, 36 were correctly evaluated by this method, with consid-
erably great'.lr success in supratentorial in c:1ntrast to inrraten-
torial lesions. Thus, 9 of 11 supratentorial gliomas were de-
tected, 3 of 3 supratentorial metastatic lesions, and neither or 
2 inrratentorial metastases. They point out that RISA has the 
disadvantage of necessitating a delay of 24 hours before measure-
ment, which precludes its use in emergencies. As a diagnostic 
tool, they felt that it was superior to electroencephalography, 
but less accurate than either angiography or ventriculography. 
Peyton( 4l) used RISA in a series or 69 patients, correctly 
localizing tumors in 17 of 25 (66~). Only one false negative was 
obtained in the series, with 36 normals appearing as such. The 
same data was then analyzed according to a new graphical method 
and diagnostic accuracy was increased to 84% for the verified 
tumors(lS). 1his graphical method consists in a more exact num-
erical analysis of the data compared with a "normal" value at 
each location (obtained by averaging the results from 27 normal 
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individuals), 24 positions on the scalp being measured. He con-
cludes that the method is not only safe and comfortable, but 
also quite accurate, espec1a1ly if correlated with the clinical 
data (the above figures are quoted without access to clinical 
data.) 
In reviewing some of the results obtained with isotopic 
diagnosis of brain tumors, French and Chou( 25 ) estimated that 
(1957) one could expect 65% accuracy wHh RDIF (which is no long-
er used because of its rapid decrease in blood and tissues), 68% 
with RISA (84~ if the results were subjected to graphical analy-
sis), and 95% if the RISA results were correlated with clinical 
data. 
One of the difficulties with the methods described up to 
this point is the tediousness involved in one complete measure-
ment. Thus each point had to be accurately aligned, a count 
taken, an:! the data then analyzed. Reid and Johns( 44 ) in 1958 
described an automatic scanning technique which they used rather 
than a point-measurement system. Their equipment consisted of 
paired scintillation detectors arranged so as to move symmetri-
cally over the head with a constant linear velocity. The equip-
ment may be operated either manually or automatically. Initial 
positioning of the head must be carefully set, but a stirrup 
arrangement holds the head securely in position. The output, re-
corded on a circular plate which moves in synchronism with the 
detectors, enables one to dete~ine not only focal increases in 
counting rate, but by utilization or a difference circuit, that 
side receiving the greater amount of radiation. With this device 
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tr'e entire procedure is reduced to 35 to 40 minutes, with 30 
minutes of actual scanning ttme. Such automatic scanning not 
only increases accuracy by yielding a continuous reading, but 
it also decreases the requirements on both the quality and quan-
tity of personnel. 
Several other teChnical advances which took place through 
1958 should be mentioned. In 1957 Bender(?),{S) announced devel-
opment of a high-contrast method of photo scanning applicable to 
all types of scanning procedures. The heart of the arrangement 
is a non-linear element (an electric light bulb) whose output is 
e. 
transmitted {through a luci t rod) to film, in synchronism with 
"' the detectors. One thus ends U? with a film in which slight 
differences in isotope concentration are greatly accentuated, en-
abling easier interpretation. It should be stressed that this 
arrangement introduces no new information, but rather treats the 
available information more efficiently, It might be compared to 
the pre-exposure which astronomers subject their film to, in 
order that faint sources of light from distant stars wilJ lie on 
a favorable portion of the response curve of the film, rather 
than having to overcome the film's inartia. 
While scanning techniques had been becoming more prevalent, 
it was realized by certain investigators that although gamma rays 
couldnot be focussed in a manner equivalent to charged particles 
or light, properly designed collimators could achieve areas of 
increased sensitivity, Shy, Bradley, and Matthews< 56 l spent con-
siderable time on this aspect of the problem, and by utilizing 
mathematical procedures, devised col"imators of high density mat-
erial which had a "focusing" ability due to their tapered 
- 37 -
apertures. Further resolution was achieved electronically by 
these authors, who introduced the nuclear spectrometer into their 
detection circuitry. This device enables one to register only 
those gamma rays which lie within a specified energy range, thus 
eliminating completely spurious counts due to cosmic rays and 
scattered radiation. (This device has also proved quite useful 
in multiple tracer experiments in which the individual isotopes 
may be separated on the basis of their energy spectrum). In 
addition to automatic scanning, the two outputs were fed to pot-
entiometers whose traci~gs could be visually compared. In a 
series of 106 verified tumors, correct localization was achieved 
in 92 (86.8%). These authors point out that this accuracy 
approaches that of air studies, and in addition the procedure in-
volves minimal hazard, localizes multiple lesions, and indicates 
their size. 
The most recent paper dealing with results obtained using 
( 42) RISA is by Planiol of the Institut National d 1Hygiene in 
Paris (1959). In her series of 600 patients readings were taken 
manually 2 and 24 hours after injection. Of 175 verified tumors, 
150 were localized. Of those not detected, half were tumors of 
the hemispheres and another half of the posterior fossa and pin-
eal body. Arterial aneurysms, non-tumorous epileptogenic foci, 
and various purely neurological condi tiona gave normal resul tsc .. 
in 96% ot oases. Abscesses, hematomas, and cirsoJ aneurysms 
were detected consistently, although two thirds could not be di~­
tinguished from tumors. She concludes that the method is valuable 
in diagnosing and localizing, and often can be correlated with 
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the type of lesion. Particular success was achieved with men-
5-ngiomas, glioblastomas, and metastatic growths. This procedure 
has also facilitated follow-up of medical treatment and radio-
therapy. 
B. Positron Scanning 
In 1949 Wrenn, Good, and Handler< 63 ) discussed in a prelim-
inary report the advantages which might be attained if positron-
emitting isotopes were used. 
Testigating this possibility, 
its potentialities. 
Sweet and Brownell were also in-
and Sweet(59 ) reported in 1951 on 
Positrons are particles equal in mass to an electron but of 
opposite charge, and are emitted in the decay of certain unstable 
nuclei. When an energetic positron is emitted, it loses its 
energy in a series of interactions wi~ atomic electrons, until 
it reaches thermal energy. Approximately 3% of emitted positrons 
participate in an annihilation reaction during the process of be-
coming thermalized, and all but 1/3 to 1 per cent of thermalized 
positrons do likewise. It is the process of annihilation which 
is of great importance in exact localization. In this interact-
ion a positron combines with an electron and the two are annihi-
lated as particles. The mass is converted into energy, and in 
order that momentum be conserved, the energy is divlded between 
two gamma rays which depart in opposite directions. If one in-
troduce• into the detecting arrangement a coincidence circuit 
which will only register if both detectors are simultaneously 
activated, then only those particles emitted from the source wilJ 
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be recorded. Sharp demarcation of an area is possible with this 
scheme, and background is reduced to only those rare counts 
occurring spontaneously withln the resolving time or the detectors. 
The range of positrons in matter is of the order of a few mm., 
and hence the source of Emnihilation radiation is essentially that 
of the parent isotope. 
Brownell and Sweet(l2 ) announced in 1953 development of 
equipment employing paired scintillation counters which would 
automatically scan the brain for the detection of coincident rad-
iation from previously injected positron-labelled substances. 
The apparatus was designed to present the information in two way• 
First, the coincidence count is recorded as the device scans 
(positroeneephalogram), while another circuit responds to the 
difference in counts obtained from the two scintillation detect-
ora, enabling one to determine on which side of the •idline the 
lesion is located (asymmetrogammagram). Both of these records 
are available at the end of the scanning procedure. In this ini-
tial paper no results were reported, except a reproduction of a 
scan of a patient who had recurrence of a meningiomatous tumor 
without any clinical symptoms or signs. 
In 1955 Sweet and Brownell( 60) reported their results on 
216 patients, including 123 with verified tumors. These results 
are shown in table 5. 
In this series the scans were diagnosed without reference 
to clinical material and were classified as either normal or ab-
normal. The overall accuracy with neoplasms can be seen to be 
93 of 123, or 76%, with best results occurring in the case of 
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meningiomas. The only meningioma missed of 24 was a 6 gram les-
ion in the tuberculum sellae, Only 4 of 42 glioblastomas were 
missed, and two of these contained large cysts (which retain less 
isotope than normal brain, tending to cancel out the increase 
from the surrounding tumor), and the other two were viewed with 
suspicion, but finally classified as within normal. A great ad-
vantage of this method to the neurosurgeon is demarcation of the 
Table 5. Initial Results with Positron Scanning 
Neoplasm 
Glioma 
Abnorm. 
10 
astrocytoma 
ependymoma 
glioblastoma 
oligodendro~lioma 
brain stem (no biopsy) 
Carcinoma, metastatic 
Meningioma 
Melanoma 
Neuroma, acoustic 
Chromophobe adenoma 
Craniopharyngioma 
Pinealoma 
Tumor in 3rd ventricle 
Type undetermined 
Abscesses or Cysts 
Supra ten to rial abscess 
Cerebellar abscess 
Cysticerosis, 4th ventricle 
Subfrontal mucocele 
2 
38 
0 
1 
9 
23 
2 
0 
4 
2 
0 
0 
2 
93 
5 
0 
0 
1 
6 
Disorders of Blood vessels or Brain 
Thrombosis or heJIDrrhage 
Arteriovenous malformation 
Subdural hematoma 
Subarachnoid hemorrhage and/ 
or aneurysm 
3 
1 
2 
1 
7 
Normal 
4 
0 
4 
2 
3 
4 
1 
1 
3 
2 
4 
1 
1 
0 
30 
0 
1 
1 
0 
2 
15 
4 
2 
3 
24 
Per Cent 
72 
100 
91 
0 
25 
69 
96 
67 
0 
67 
33 
0 
0 
100 
76 
100 
0 
0 
100 
75 
17 
20 
50 
25 
23 
tull extent of the neoplasm, and in the latter half of this 
aeries neurosurgical procedures were undertaken on the basis of 
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results from the scan plus the clinical data, without anglo-
grams or vantriculograms, 
The isotope used in this procedure has been As-74. One 
disadvantage in positron scanning is the narrow choice of suit-
able isotopes, Cu-64 was strongly considered as a choice be-
cause it is produced in a reactor which results in a lower cost, 
but it has an in•onvenient half-life of 12.8 hours. Mn-52 is 
easily piQduced in a cyclotron from chromium, but in addition to 
positron decay, it yields high energy gamma rays (1,46 Mev.) 
which are highly penetrating. 
As-74 is produced in a cyclotron by deuteron bombardment of 
germanium and must be separated chemically afterwards, The dose 
to adults is 1.5 me., which is present in .2 mg. of metallic 
arsenic (Fowler's solution is commonly given in daily doses which 
contain 7 mg, of arsenic.) One disadvantage of As-74 is the 
chemical separation procedure, which involves handling up to 70 
or 80 me. of radioactivity. Such amounts require strict adher-
ence to the rules of safety in isotope handling, including moni-
toring of environment, equipment, and personnel. The separation 
procedure should be carried out by remote control, and those en-
gaged in this activity should be given regular blood counts. 
Film badges OiK'"Onization chambers should be worn constantly. 
This emphasis should be extended to include education of all 
those handlin~ the material, including the physician injecting 
the patient. As might be expected, such procedures add to the 
expense of the method. It is possible, however, with consistent 
education and effort to establish a routine which involves 
minimal hazard. 
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Results or positron scanning with Cu-64 were reported in 
1957 by Bagnall, Benda, Brownell, and Sweet( 3 ), Given intraven-
ously as copper versenate, it was found to yield uptake ratios 
of 9:1 for metastatic tumors and 5:1 for rapidly growlng gliomas 
several hours after injection. In 70 patients given both Cu-64 
and As-74 on separate occasions, Cu-64 yielded positive locali-
zation in 20 of 37 (54%) verified tumors, as compared with 76% 
accuracy of As-74. In certain caseB, however, Cu-64 revealed 
tumors where As-74 failed, VaBcular lesions were found to be 
less likely to yield positive results with copper. It was point-
ed out that the total-body irradiation with the doses or copper 
used was only 0.33 rad, or about equal to the maximum permissible 
deBe weekly for workers constantly exposed to radiation; as a 
consequence of this, repeated exams may be undertaken without 
concern. 
Aside from the neurosurgical group at the Massachusetts 
General HoBpital, the only other report of positron scanning in 
the literature is from Henzler, Metler, and Jacobson( 4S) in New 
Jersey. These authors using positron scanning equipment now 
available commercially, reported their results in 2 cases, both 
located successfully. 
Mealey( 3S) has reported on the possibility of using Zr-89 
as a poBitron emitter. He investigated its toxicity, diBtribu-
tion, and uptake ratio, and found that it could be used in 
lower doses (.3 me.) than arsenic. Preliminary scans suggest 
that this iBotope is potentially useful, but an insufficient 
number of scan has been performed for analysis. 
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Brownell(l3 ) presented a paper on the theory ot isotope 
scanning in 1958 which compared the efficiency and resolution 
of the various collimating systems. He showed mathematically 
that coincidence detection enables one to attain the M.ghest de-
gree of resolution and efficiency, and that if one uses just 
gamma ray detection, the use of a focused collimator increases 
the efficiency by a factor of 65. An even more pertinent deduc-
tion is that the resolution of any of the detecting systems 
varies inversely with the sixth root of the level of activity. 
Thus, to decrease resolution distance by a factor of 2 requires 
that the activity be increased 64-fold. 
Since the introduction of positron scanning,over 3000 scans 
have been carried out. During that time modifications have been 
made in the equipment, and better correlation in interpretation 
has come about with experience. A new system of classification 
has been evolved in whiCh the scans are graded from 1 to 4, with 
1 being abnormal, 2 = probably abnormal, 3 ~probably normal, 
and 4 = normal. The entire series of scans is currently being 
reviewed and entered onto punched cards(Fig. 1), whereby all 
the information concerning the particular case may be readily 
reviewed, and various relationships between scanning accuracy 
and clinical data rapidly ascertained. 
The most recent paper on the subject was presented in Vienna 
in February,l959 at the Conference on Isotopes in Medicine, 
sponsored by the World Health Organization, Sweet, Brownell, 
Mealy, and Aronow(61) herein reviewed the results of this method 
in 334 patients scanned between 1 May 1955 and 31 December 1958. 
The results are presented in tables (6) and (7). 
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Table (') Tumors - Totals 
Isotopic Concentration 
Abnormal Normal 
1 2 J 4 
TOTAL Aet-74 154 45 23 22 
Cu-,4 44 12 2 12 
PERCENT As-74 '2 18 
' 
9 
Cu-'4 22 18 J.l 18 
Total number of scans - 333 
Abnormal Concentration: As-74- 80~ 
Cu-'JF- 70~ 
False 
Localization 
5 
1 
2 
1 
Table (7) Results for Various !rpes of Lesions 
Isotopic Concentration 
Abnormal Normal False 
1 2 J 4 Localization Tumors 
Gliomas 
Glioblastoma As-74 72 11 3 0 0 
Cu-'4 18 1 1 1 0 
Astrocytoma As-74 
' 
2 3 4 1 
cu-'4 2 2 1 1 0 
Oligodro- As-74 1 1 2 2 0 
glioma Cu-'4 1 0 0 1 0 
Ependymoma As-74 1 0 0 0 0 
Medulloblae- As-74 0 0 1 0 0 
tome 
Pontine Glio-
mas (unveri- Cu-'4 0 0 0 2 1 
Meningioma As-74 30 1 2 0 1 
Cu-'4, 12 4 1 
' 
0 
Metastatic Ae-74 38 17 4 5 1 
Malignant 9!-'4 2 z 2 J 0 Pituitary As-74 3 5 1 0 1 
Adenoma Cu-'4 2 0 J 0 0 Craniopharyn- Ae-74 0 0 0 4 0 
ioma 
III Ventricle As-74 2 4 0 1 0 (7/8 Univeri- Cu-'4 0 1 0 0 0 tied) 
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Table 7. (continued) 
Positron Scanning: Results for Various Types of 
Lesions 
Isotope Concentration 
Abndrmal Normal False 
Tumors 1 12 3 4 . Locali:tation 
Hemangioblastoma As-74 1 2 1 2 0 
Cerebellar 
Acoustic Neuroma As-74 0 1 4 3 1 
Cu-64 0 0 1 0 0 
Epidermoid As-74 0 0 1 1 0 
Cu-64 0 0 0 1 0 
Teratoma As-74 0 1 1 0 
Non-Neoplastic Diseases 
Subdural As-74 2 5 0 1 0 
Hematoma cu-64 0 0 1 2 9 
Intracerebral Xs-74 1 3 0 0 1 
Clot (verified) Cu-64 0 1 0 2 0 
Abscess As-74 7 3 0 0 0 
Cu-64 3 0 1 0 0 
Leukoencephalo- As-74 2 1 0 0 0 
___ _Kraphy 
---------·----
Apropos of the radioJogical hazard involved in the use of 
these isotopes, it is pointed out that after an As-74 injection 
the whole body radiation is about 3,2 rads, Although the kid-
ney promptly excretes this relatively lon~-lived isotope, 12,7 
-· 
and 9.7 rads are received by the kidney and liver, respectively. 
In view of this it is recommended that another scan with this 
isotope not be performed in less than three months in the ab-
scenca of urgent clinical indications. With the use of cu-64, 
the total body dose is only .325 rads. The liver reeeivei 3,18 
rads, and on the basis of these low levels, repeat scans may be 
obtained. In analyzing the data, it is to be noted that in 182 
arsenic scans or tumors in, or pressing against the cerebral 
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hemispheres, the correct diagnosis was made in 165, or 91~. 
Many of these tumors are amenable to treatment by surgery, es-
pecially if diagnosed early. Since successful diagnosis of 
these lesions with pneumography is much less successful than 
with lesions of the third ventricle or posterior fossa, this 
is perhaps the most important achievement or the method to date. 
A word should be said about recent work in isotope scan-
ning. Bender(g) pointed out that an ideal gamma-emitting iso-
tope should emit a single gamma ray between 300 and 500 kev (for 
minimal tissue absorption and optimal collimation), have a rela-
tively long physical half-life, and a relatively short biologi-
cal half-life. 'iiith these goals in mind he has experimented with 
Hg-203 which emits a gamma of 270 kev and has a half life of 45 
days. Initial work with this isotope in the form of the chloride 
was disapoointing because of an excessive biological half-life. 
Tagged neohydrin, however, has been shown to have a very short 
biological half-life, 95% being cleared from the body in the 
· first 24 hours. ihe impression in a serj es of 20 patients is 
that localization is better than with RI SA, although the series 
is too small for any definite conclusions to be drawn. 
One or the most important advances in isotope scanni.ng has 
recently appeared, the scintillation camera. Developed by Anger 
(1) 
and Tobias , this is essentially a pinhole camera in which the 
activity distribution is imaged on the plane of a detector, a 
large thin sodium iodide crystal viewed by seven photomultiplier 
tubes. An electronic circuit senses the position of the light 
flash in the sodium iodide crystal and causes the pattern of 
- 47 -
scintillation in the crystal to appear as an image on the oscil-
loscope screen which is viewed by a camera. 
The principle may be modified somewhat for positron-emit-
ting isotopes. In this case two camera assemblies are used and 
the pinhole eliminated. Focusing is achieved entirely by elec-
tronic means. It is required that scintillations occur simul-
taneously at the two detector planes, and that the scintilla-
tions be within a specified area on the two detectors. 
In order 
arrangement a 
to compa~~ the sensitivities obtainable with this 
(14) 
concrete example, presented by Brownell will 
be given. An object of area 400 cm2 and depth 20 em. is scanned 
with a resolution of 1 em. in a time of 10 minutes. To produce 
a scan of 1 em. resolution with a cylindrical collimation approx-
imately 30 milltcuries of activity are required whereas for the 
focused collimator the activity requirement is decreased to 460 
microcuries, and with the coincidence scanner the activity is 
approximately 630 microcuries. With the pinhole camera the 
activity is reduced to nearly 30 microcuries, and with the posi-
tron camera the required activity is only 2.5 microcuries. This 
range of over 10,000 indicates the tremendous potentiality of 
the newer methods of isotope visualization. 
It should be noted that the above are theoretical values 
and would be reduced by non-geometrical factors, such as the 
statistics of light collection and the electronic circuits. 
Nevertheless, tremendous potentiality is still to be explored. 
One additional limitation of the pinhole camera is that a 
~ distributed source is not represented in any true rectilinear 
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manner but is seen viewed from the pinhole. The positron cam-
era has some advantage in this regard in that the portrayal 
would be truly rectilinear. 
c. General Consideratioas 
The various methods by which isotopes have been employed 
have been discussej, and some of the problems pertaining to 
isotope encephalography in general will be considered. 
1. Choice of an isotope - This matter is discussed rather 
thoroughly by Shy et al. who list nine features which should be 
considered: 
1. Dosimetry- this deals with the amount of energy which 
the body or various parts thereof will receive. Obviously impor-
tant factors are the half-life, energy spectrum, type of decay, 
and biological distribution of the isotope. It is possible 
knowing the above factors, to calculate the dose in equivalent 
roentgens .which the body will receive, ~hich is important in de-
termining how much isotope may be safely given. Thus, one would 
want to avoid the use of an isotope which concentrated in selec-
tive tissues, and simultaneously had a high physical and biolog-
ical half-life (e.g. strontium). 
2. Uptake by the tumor- this may be maximized by using a 
suitable compound which is assimilated in high quantities by the 
tumor (e.g. RISA). 
3. Location of the tumor- this is actually not a very 
important consideration, but it should be pointed out that cer-
tain measuring techniques are more efficient in certain regions. 
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Thus positron counting is, in theory at least, more efficient 
for mid-line lesions where the two detectors are at approximately 
equal distances from the tumor, 
4. Availability of the isotope- this is currently a prob-
lem which seriously limits the use of the isotope technique. If 
an isotope is used with a half life of less than twelve hours, 
it is necessary to procure a new supply each day, which dictates 
proximity to the source. Pharmaceutical houses are slowly en-
tering the field of isotopes, and perhaps with time this problem 
will be alleviated, althourh in all likelihood n~in the immedi-
ate future. 
5. Route of administration- many tagged compounds cannot 
be given orally, unfortunately. It then becomes necessary to 
use sterile substances, which are supplied by pharmaceutical 
houses, unless one is equipped to undertake the process of ster-
ilization of "hot" compound•. 
6, Toxicity- no elaboration is needed here. 
7, Stability of the tagged compound- it is essential that 
breakdown does not occur with one or the products attaining an 
undesirably high concentration in another organ. For example, 
iodine-containing compounds should not break down, allowing ex-
cessive doses of I-131 to accumulate in the thyroid. 
6. Physical and biological half-life- aside from con-
sideratio~s of dosimetry, the practical problems of storage, sig-
nificant decrease in intensity during the measurement, and the 
time necessary for maximum concentration iR the lesion prohibit 
the use of isotopes with extremely short half-lives, of the 
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order of ten hours or less. 
9. Expense- cyclotron-produced isotopes generally cost 
considerably more than those from reactors, because of the large 
subsidies supplied to the latter by the government. 
It has recently been pointed out by Brownell that consid-
eration should be given to daughter isotopes (radioactive decay 
products), which may be valuable even though they may not sat-
isfy some of the above criteria. Thus gallium-58, a positron 
eaitter with a 68 minute half-life, is obtainable from german-
iua-68 in a suitable form for injection in approximately 10 min-
utes, is absorbed rapidly, and appears to hold considerable 
promise. 
2. Expense - This is a matter largely dependent upon the 
arr8Dg,ment'which one wishes to create. Thus, if one restricts 
his work to include only those isotopes commercially available 
in suitable form, then the only expense is the initial outlay 
for equipment. As Sweet<'l) stated: 11 the actual cost of the 
automatic scanning equipment (reference here is to positron 
scanning) was substantially less than the cost of the beet 
seriographic x-ray equipment required for angiography, and the 
quality of the results provided by the latter was not really 
satisfactory." Automatic scanners are presently available at 
somewhere around ten thousand dollars, but it might be expected 
that the price will drop if they are more widely utilized. Use 
is not restricted to positron-emitters, and slight modification 
~uld enable scanninp of other organs, (presently being inves-
tigated). Transitorization of these devices has not yet been 
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attempted, but newer, more compact unite will undoubtedly be developed, 
An electronic technician must be available in the event of breakdown, 
but the components of the circuitry (preamps, amplifier, scalars, 
etc,) are generally standard and readily available, eliminating 
long delays, 
If a research program is undertaken and/or isotopes notcommer-
cially available are employed, then it becomes necessary to establish 
facilities for their processing and storage, Large quantities of 
activity may necessitate elaborate equipment, such as remote control 
manipulators, constant monitoring devices, and heavy shielding, 
3, Isotope Availability 
This is one of the more important practical problems at the 
present time, As-?4 is produced in a cyclotron eo that an arrange-
ment has to be worked out with a university or industrial laboratory, 
preferably one close-by to avoid the problem of shipping large 
quantities of radioactive material, I-131 is available commercially 
in a form suitable for use, ~eactor-produced isotopes are available 
from the AEC and are substantially subsidized by the government, 
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V, A Comparison of Diagnostic Techniques 
Table (8) briefly summarized some of the important aspects 
of the various techniques reported in this paper. 
In the regard to the diagnostic problem presented by an intra-
cranial neoplasm, it is imperative that a complete neurological 
examination be carried out by a specialist, In a.ny suspected tumor, 
a skull plate and electroencephalogram should be obtained. A.major-
ity of the tumors can be diagnosed by these procedures. The next 
procedure to be performed should be,in the opinion of this author, 
an isotope scan, if available. In those cases still in doubt, 7, 
angiograme and air injection studies should be initiated. 
In conclusion, isotope encephalography constitutes a safe, 
painless, easily performed procedure, Accuracy at present is about 
80~ using positron-emitting isotopes. There are no contra-indica-
tions, and its limited usefulness is mainly attributable to the 
problems involved in procuring isotopes, ''hich hopefully will 
diminish with time, Although barely a decade old, it has proven 
itself clinically as a practical procedure, Research in isotopic 
scanning is currently extremely active, including fundamental inves-
tigations embracing a wide variety of disciplines, holding promise that 
it will bear fruit in the future in its application to many fields 
of clinical medicine. 
) ) 
Table 8 1 A Qea~arison of Diasnostic Techniguea 
Accuracy Indication Contra- Advantages Disadvantage~~ (%) Indication 
Neurological '0 all none most utilitarian not always 
Exam definitive 
l'toentgenography 25 all none Widely available relat. low 
accurate for pi- diag. accur. 
tuitary tumors. 
Electro en-
cephalography 50 all none canbe repeated 
in followup 
Angiography 70 any suspected allergic hx. Vertebral artery l"ain 
vascular lesion renal damage in.l. may be help- Cl1 ()> 
any cerebro- ful if poet. lome fatal 
leeione in ant. vase. aoeid. fossa masses. reactions 
2/3 of hemisph. older patients 
e arterioscl. 
or cardiac dis. 
Air Injection 
pneumo enceph. 70 easily performed eide effects 
eee page 10 include 
Ventriculogr. 90 most accurate headache, 
method. Useful vomiting, 
with post.fossa dizziness, 
maeses others.eome 
fatal reac-
tions 
Isotopic 80 all (if 
enoephalogr. available) none comfortable, safe Mandling of 
easily performed significant 
rocates multiple quantities 
esions. Useful of radioac!f 
in followup. Ieot. Unav 1. 
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Appendix A 
The ~lood-irain ~arrier 
The fundamental principle upon which isotope encephalometry 
is based is the differential uptake of these radioactive substances 
in pathologic compared to normal brain tissue. At present the 
most widely accepted mechanism responsible for this uneven distri-
~ (5) bution is the hypothesized blooJ-brain barrier. Its essential 
action is that of a selective filter, preventing certain materials 
from reaching the central nervous system. It would appear that the 
primary purpose of the barrier is protection of the central nervous 
system from an excessive accumulation of potentially toxic substance, 
and consequently it acts to slow down both blood electrolytes and 
large molecules from penetrating. 
In spite of considerable work by many investigators with 
dyes and radioactive eubstances, the anatomic location has not 
been definitely established. Present evidence most heavily favors 
the capillary wall as the primary site. Numerous reasons have been 
advanced for the selective permeability which the barrier has for 
particular substances, including electrophoretic potential and 
particle size, but none have been completely adequate. The dur-
ability of the barrier has been repeatedly demonstrated, and changes 
in cerebral permeability can be brought about only by such excesses 
of physiologic agents as to produce convulsions or death. In fact, 
it has been observed that the barrier functions for several hours 
after death. 
Apropos of increased uptake of substances by intracranial neb-
plesms, not all workers have accepted the blood-brain barrier as 
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the primary mechanism, lome investigators regard a vigorous neo-
plastic metabolism as the fundamental cause. It appears that much 
basic research is needed to clarity this presently nebulous concept, 
.. ~ 
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